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(54) Back-up restoration technique for sonet-SDH rings 


(57) A restoration network architecture (100) in- 
cludes both service and protection SONET/SDH rings 
(15, 17) as well as a mesh network (25) including point- 
to-point paths (26^265). Monitoring Equipment (28, 30) 
monitor the status of service links ( 14.,-14 4 ) and protec- 
tion links (161-164) in the service and protection rings, 
respectively, along with the status of the point-to point 
links in the mesh network. Upon detecting a failure of 


one of the service links and point-to-point links, an Op- 
erations Systems Data Server (32) establishes a resto- 
ration path based on the available protection links and 
available point-to-point links. Traffic is then restored on 
such the restoration path. In this way, a failure in the 
service ring can be restored in the mesh network while 
a failure in the mesh network can be restored in the pro- 
tection ring. 
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Description 

Technical Field 

[0001] This invention relates to a technique for restor- 
ing traffic in a SONET/SDH ring network. 

Background Art 

[0002]' Most major providers of telecommunications 
services, such as AT&T, how rely primarily on optical fib- 
er cables to carry long-haul and even some short haul 
traffic. As compared to copper cable and microwave 
transmission facilities previously used to carry telecom- 
munication traffic.optical fiber cables offer higher traffic 
capacity and provide higher quality The development 
of large networks of fiber optic cables has prompted the 
need for a fast and efficient mechanism for accomplish- 
ing restoration in case of a failure, due to a severed fiber 
optic cable or an inoperative piece of terminal equip- 
ment. In the early 1990's, telecommunication network 
service providers used mesh-based restoration archi- 
tectures. U.S. Patent No. 5,182,744, issued on June 
26,1993 in the name of James Askew et al. and as- 
signed to AT&T, (incorporated by reference herein) de- 
scribes and claims a mesh-based restoration architec- 
ture, known commercially as "FASTAR." The FASTAR 
system has been deployed with much success by AT&T 
and remains in use today. 

[0003] In the mid-1 990's, many telecommunications 
network service providers, including AT&T, began large- 
scale deployment of SONET/SDH fiber optic ring net- 
works in response to an increase in data communica- 
tions traffic. A typical SONET/SDH fiber optic ring net- 
work includes a 1X1 configuration with a protection ring 
associated with each service ring. A Lightwave Capacity 
Terminal monitors traffic on each service ring, and in 
case of a failure, the terminal switches traffic onto a pro- 
: tection ring, usually within 60-200 milliseconds. Such 
fast switching is critical for data communications since 
data is more susceptible to delays as long delays may 
cause synchronization failures. . 
[0004] In practice, SONET/SDH rings may not always 
offer the high reliability that they claim. For example, the 
protection rings may not always be available because 
of the nature of the Lightwave Capacity Terminals. For 
example, the protection ring may not be effective to car- 
ry traffic if the protection switching occurs simultaneous- 
ly with a cable cut. Another factor that limits the reliability 
of SONET/SDH rings is the increasing size of such rings 
due to right-of-way restrictions. The increased size of 
such rings has increased the occurrence of double op- 
tical fiber cuts that affect both the service and protection 
rings. 

[0005] Thus, there is a need for technique that affords 
increased reliability in an SONET/SDH ring. 


857 A1 2 

Brief Summary of the Invention 

[0006] Briefly, the present invention provides a meth- 
od for restoring traffic in a network that includes (i) at 
5 least one service ring configured of first links that each 
run between pairs of nodes to form a ring-like path, (ii) 
at least one protection ring configured of second links 
that run generally parallel with the a corresponding first 
link; and (iii) a mesh sub-network network that includes 
10 a plurality of third links that provide point-to-point con- 
nectivity between pairs of the nodes. The service and 
protection rings are monitored to determine whether 
each link is in an active state (capable of carrying traffic) 
or a failed state (incapable of carrying traffic). The mesh 
15 network is monitored simultaneously monitored along 
with the service and protection rings links to determine 
the whether each third link is an active state or a failed 
state. Upon finding afailed link in one of the service rings 
and mesh network, a restoration path is designated, uti- 
20 lizing al least one link from a group of active second and 
third links, for carrying the traffic previously carried by 
the failed link. After establishing the restoration path, the 
traffic within the network is switched from the failed link 
onto the restoration path. 

25 

Brief Description of the Drawings 
[0007] 

30 FIGURE 1 illustrates a prior-art SONE f T/SDH net- 
work including a central processor for monitoring 
the status of service and protection rings; and 
FIGURE 2 illustrates a restoration network architec- 
ture in accordance with the present invention that 

35 includes a SONET/SDH sub-network and a mesh 
sub-network. 

Detailed Description 

40 [00p8] FIGURE 1 illustrates a prior art SONET/SDH 
ring network 10 comprised of a plurality of nodes 12-,, 
12 2 , 12 3 ... 12 n . In the illustrated embodiment of FIG. 1, 
n= 4. In other embodiments, the network 1 0 may include 
a larger or smaller number of nodes. Each of the nodes 

45 12 r 12 4 is coupled to a neighboring node by one of a 
set of first links 1 4-, -1 4 4 to form a first or service ring 1 5 
that carries normal traffic between nodes around the 
ring. Each of a set of second links 16-,-16 4 couples an 
associated one of the nodes 12-,-12 4 to its neighbor to 

50 form a second or protection ring 17 that carries restora- 
tion traffic between nodes around the protection ring in 
the event of a failure of one of the first links I4 r 14 4 . In 
practice, each of the links 1 4-,-1 4 4 -and 1 6-, - 1 6 4 compris- 
es an optical fiber capable of carrying optically formatted 

55 traffic at an OC-48 rate, although higher or lower rates 
are possible. Although the network 10 is depicted as 
comprising a single service ring 15 and a single protecr 
tion ring 17, the network could comprise a plurality of 
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service and protection rings, typically, although not nec- 
essarily, in a one-to-one relationship. 
[0009] Each node, such as node 12-,, includes a Dig- 
ital Cross-connect System (DCS) 1 8, such as manufac- 
tured by Lucent Technologies, Inc. or Alcatel. The DCS 
18 cross-connect traffics from at least one source, such 
as a central office (not shown) to a Lightwave Commu- 
nications Terminal (LCT) 20 at the node. The LCT 20 
converts electrical signals- received from its associated 
DCS 18 to an optical format for transmission via a cor- 
responding one of the links 14.,-14 4 to an adjacent node 
on the service ring. Conversely, the LCT 20 at each node 
converts optically formatted traffic received on a service 
ring link into electrical signals for receipt by the DCS 18 
coupled to the LCT Additionally, the LCT 20 at each of 
the nodes 12-,-12 4 can format traffic onto, and off the 
links 16-,-16 4 of the protection ring 17 as discussed be- 
low. 

[0010] Each LCT 20 has the capability of monitoring 
the status of the particular ones of the links 14.,-14 4 and 
16^16^0 which it is connected. In particular, each LCT 
20 determines whether the links to which it is connected 
are active (i.e., capable of carrying traffic) or have failed 
(incapable of carrying traffic). A central controller (RAP- 
ID) 22 receives the monitoring information from each 
LCT 20 and makes decisions concerning the switching 
of traffic based on the status of the links 14-,-14 4 and 
16 1 -16 4 . For example, if link 14., within the service ring 
1 5 connecting the nodes 1 2 A and 1 2 2 fails, then the LCT 
20 at one or both of the nodes 1 2, and 1 2 2 will notify the 
controller 22 of that fact. In response, the central con- 
troller 22 notifies the LCT 20 at each of the nodes 1 2-, 
and 122 to switch traffic onto the protection link 16-, to 
restore service. 

[0011] In some instances, the protection links 16-,-16 4 
may not always be available. For example, the LCT 20 
at each node is generally not able to effect switching 
simultaneously with a cable cut. Further, double cable 
cuts can and do occur, causing the simultaneous loss 
of two or more of the service links 1 4-, -1 4 4 and/or two or 
more of the protection links 16 r 16 4 . Under such circum- 
stances, traffic restoration within the network 10 be- 
comes impossible without repair of one or more severed 
links. 

[0012] FIGURE 2 illustrates a restoration network ar- 
chitecture 100 in accordance with the invention that in- 
cludes a SONET/SDH sub-network 10 configured as 
described previously with FIG. 1 with like reference 
numbers describing like elements. Like the SONET/ 
SDH network 10 of FIG. 1, the SONET/SDH sub-net- 
work 10 of FIG. 2 includes the service and protection 
rings 15 and 17, configured of links 14-|-144 and 16-,- 
16 4 , respectively, that link the nodes 12-,-12 4 . 
[0013] In addition, the restoration network 100 also a 
mesh sub-network 25 comprised of one or more point- 
to-point links that interconnect selected nodes. In the 
embodiment of FIG. 2 : the mesh sub-network 25 in- 
cludes links 26-, and 26 2 that each extend between the 


nodes 12-, and 124 for termination at a LCT 28 at each 
respective node. Like the LCT 20, the LCT 28 at each 
node is connected to the DCS 20 at that node. While the 
mesh sub-network 25 of FIG. 2 includes a single pair of 
s point-to-point nodes 26., and 26 2 , the mesh sub-network 
could include a larger or smaller number of point-to- 
point links. 

[0014] Like the network 10 of FIG.1 , the network 100 
of FIG. 2 also includes a central controller (RAPID) 22 

10 for effecting switching of traffic from one of the service 
links 14-,-14 4 onto the corresponding one of the protec- 
tion links 16-,-16 4 if available. Additionally, in accord- 
ance with the invention, the central controller 22 has ac- 
cess to the point-to-point links in the mesh sub-network 

is 25, such as links 26-, and 26 2 . In this way, the controller 
22 can initiate a switch of traffic from a failed one of the 
service links 14-,-14 4 onto a restoration path comprised 
of one or more of the point-to-point links in the mesh sub 
network 25. Alternatively, with access to the mesh net- 

20 work 25, the controller 22 can also switch traffic from a 
failed one of the point-to-point links, such as links 26-, 
and 26 2 for example, onto a restoration path comprised 
of one or more of the protection links 16-,-16 4 . 
[001 5] To facilitate the switching of traffic between the 

25 SONET/SDH sub-network 10 and-the mesh sub-net- 
work 25 to effect restoration, the network 100 of FIG. 1 
includes a Transport Maintenance Administration Sys- 
tem (TMAS) 28 coupled to the DCS 1 8 at each node for 
monitoring the status of the traffic, and hence the link 

30 status. An element monitoring system 30 monitors the 
status of the elements, such as each LCT 20, associated 
with the service and protection rings 15 and 17, respec- 
tively. Both the element monitoring system 30 and the 
TMAS system 28 communicate with an Operations Sys- 

35 tern Data Server (OSDS) 32 that receives information 
from a Common Language Specific Equipment Assign- 
ment (CLSEA) system 34 that tracks the assignment of 
elements within the network, and particularly, the as- 
signment of the links to corresponding nodes. 

40 [0016] Based on the element assignments received 
from the CLSEA system 34, and the status of the traffic 
and SONET equipment received from the TMAS 28 and 
the monitoring system 30, respectively, the OSDS 32 
automatically establishes (provisions) one or more res- 

45 toration paths to restore service. For example, assume 
that both of the point-to-point links 26-, and 26 2 have be- 
come inoperative, due to an equipment failure or a cable 
cut. The TMAS 28 delects the failure of the point-to-point 
links and communicates that information to the OSDS 

50 32. In turn, the OSDS 32 queries the CLSEA 34 to de- 
termine the network element assignments. 
[0017] In the preferred embodiment, the CLSEA 34 
will identify the existence of the protection link 16 3 ex- 
tending between the nodes 12-, and 12 3 , and the exist- 

55 ence of the protection link 16 4 extending between the 
nodes 1 2 3 and 1 2 4 . From that knowledge, the OSDS 32 
designates a restoration path between the nodes 12-, 
and 12 4 comprised of the protection paths 16 3 and 16 4 . 
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Thereafter, the OSDS 32 advises the central controller 
22, which in response, signals the affected nodes 12.,, 
12 3 and 12 4 to effect switching of the traffic previously 
carried by the failed one of the point-to-point links 26, 
and 26 2 onto the restoration path comprised of the pro- 
tection links 16 3 and 16 4 . 

[001 8] The network 1 00 may also effect restoration of 
traffic previously carried by a failed one of the service 
links 14-,-14 4 by switching such traffic onto one or more 
of the point-to-point links in the mesh network 25. For 
example, assume at least one of the service links 14 3 
and 14 4 has failed and that the corresponding one of 
protection links 16 3 and 16 4 is likewise unavailable. Un- 
der such circumstances, TMAS system 28 alerts the 
OSDS 32 of the service ring link and protection ring link 
unavailability. In response, the OSDS 32 queriesthe CL- 
SEA system 34 to determine various element assign- 
ments, and specifically, the assignment of the point-to- 
point links, such as the Iinks26 1 and 26 2 , in the mesh 
network 25. From the information obtained from the CL- 
SEA 34, the OSDS 32 designates a restoration path 
comprised of one of the point-to-point links 26 1 and 26 2 
in the mesh network 25 to carry traffic between the 
nodes 12-, and 12 4 that would otherwise pass between 
the nodes 12-, and 12 4 but for the failure of one or both 
of the links 14 3 and 14 4 . 

[001 9] In comparison to the prior art SONET/SDH net- 
work 10 of FIG. 1, the network 100 of FIG. 2 advanta- 
geously affords the controller 22 the ability to effect res- 
toration of traffic from the SONET network 10 onto the 
mesh network 25 and vice versa. The TMAS 28 and the 
element monitoring system 30 provide the OSDS 32 
with the status of links and elements, thus allowing the 
OSDS to advise to establish a restoration path based 
on the availability of links, and the link assignments from 
the CLSEA 34. Having thus established the restoration 
path, the OSDS 32 informs the central controller 22 ac- 
cordingly. The ability of the network 1 00 of the invention 
to provide the central controller 22 with information re- 
garding the availability of restoration paths via the pro- 
tection ring 17 and the mesh network 25 will allow for 
restoration of as much as 95% of network traffic, result- 
ing in much less lost traffic than was heretofore achiev- 
able, thus improving customer satisfaction. 
[0020] The above-described embodiments merely il- 
lustrate the principles, of the invention. Those skilled in 
the art may make various modifications and changes 
that will embody the principles of the invention and fall 
within the spirit and scope thereof. 


Claims 

1. For use with a network that includes (i) at least one 1 
service ring configured of first links that each run 
between a pair of nodes to form a ring-like path, (ii) 
at least one protection ring configured of second 
links that each run between said pair of nodes in 


parallel with a corresponding first link; and (iii) a 
mesh sub-network network that includes a plurality 
of third links that collectively provide point-to-point 
connectivity between selected nodes, a method for 
s restoring traffic in the event of a failure of a failed 
link, comprising: 

monitoring the service and protection rings, re- 
spectively, to determine whether each first and 
10 second link is one of a failed or active states; 

simultaneously monitoring the mesh network to 
determine whether each third link is in a active 
or failed state; and 

establishing, in response to a determination 
*s that one of said first and third links has failed, 

a restoration path comprised of at least one of 
said second and third links that are in an active 
states, and 

effecting the switching of traffic from a failed 
20 one of said first links and third links, as deter- 

mined from said monitoring steps, onto said 
restoration path. 

2. The method according to claim 1 wherein a resto- 
2S ration path is established from one or more active 

third links in response to a failure of a first link. 

3. The method according to claim 1 wherein a resto-. 
ration path is established from one or more active 

30 second links in response to a failure of a third link. 

4. A restoration network comprising: 

at least one service ring configured of first links 
35 that each run between a pair of nodes to form 

a ring-like path, 

at least one protection ring configured of sec- 
ond links that each run between said pair of 
nodes in parallel with a corresponding first link; 

40 a mesh sub-network network that includes a 

plurality of third links that collectively provide 
point-to-point connectivity between selected 
nodes, a method for restoring traffic in the event 
of a failure of one or more of said first and sec- 

45 ond links, comprising: 

means for monitoring the service and protec- 
tion rings to determine whether each first and 
second link is one of a failed or active states;, 
and lor monitoring the mesh network simulta- 

so neously with the service and protection rings to 

• determine whether each third link is in a active 
or failed state; and 

means for establishing, in response to a deter- 
mination that one of said first and third links has 
55 failed, a restoration path comprised of at least 

one of said second and third links that is in an 
active state, and 

means for effecting the switching traffic from a 
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failed one of said first links and third links, as 
determined from said monitoring steps, onto 
said restoration path. 

5. The network according to claim 4 wherein said res- S 
toration path establishing means comprises: 

a Common Language Specific Equipment As- 
signment (CLSEA) system that maintains infor- 
mation concerning link assignments; and 10 
an Operations Systems Data Server (OSDS) 
. for establishing the restoration path in accord- 
ance with information from said CLSEA system 
and said monitoring means. 

15 

6. The apparatus according to claim 4 wherein each 
of said first, second, and third link comprises an op- 
tical fiber link. 

7. The apparatus according to claim 4 wherein the 20 
monitoring means comprises: 

a Transport Maintenance Administration Sys- 
tem (TMAS) for monitoring traffic in said net- 
work; and 25 
an element monitoring system for monitoring 
elements in said service and protection rings. 

30 
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